Review of Inflammation and Infection in Contact Lens Wearers: Risk Factors and Association with Single Nucleotide Polymorphisms
Inflammatory corneal complications associated with contact lens (CL) wear range from self limiting sterile corneal infiltrative conditions such as infiltrative keratitis (IK), and contact lens-induced acute red eye (CLARE) to severe sight threatening microbial keratitis [1] [2] [3] . In practice, managing complications associated with CL wear has been a challenge to practitioners, especially in diagnosing and treating cases such as early microbial keratitis [1] . In addition, selflimiting conditions such as CLARE and IK can cause temporary discomfort to the wearer, and may lead to the discontinuation of CL wear.
Microbial Keratitis & Corneal Inflammatory Events

Microbial keratitis
Microbial keratitis (MK; Figure 1A ), a potentially blinding disease, is defined as an inflammation of the corneal tissue characterised by an epithelial defect associated with stromal infiltration, tissue necrosis and stromal loss, due to direct infection by microbial agents such as bacteria, fungi, amoeba and viruses [4] . The infiltrate can appear as large, irregular-edged focal infiltrates located mainly in the central or paracentral region surrounded by small satellite lesions. Diffuse infiltrates are seen in the anterior to deep stroma. Symptoms such as pain, redness, lid oedema, increased lacrimation, photophobia, discharge and vision loss are reported in these cases [3] . MK can occur with or without CL wear. Bacteria are common causative agents during CL wear, but other microbes including fungi and Acanthamoeba can cause the disease [5, 6] . The annual incidence of contact lens-associated microbial keratitis varies between 2.2 to 6.9 per 10,000 wearers with daily wear (DW) hydrogel contact lenses, 9.3 to 20.9 per 10,000 wearers with extended wear (EW) hydrogel contact lenses, and 18 to 19.8 per 10,000 wearers with silicone hydrogel (SiHy) lenses on EW schedule [7] [8] [9] [10] . For non-CL keratitis cases the rate has been reported to be 14 (11.7 -16.6 ) per 100,000 people [11, 12] . Thus, the best estimate of the increased risk of MK with contact lens wear is that CL wear is approximately a 10 times increased risk.
Contamination of contact lenses by various types of microbes is probably the first step in the production of contact lens-associated MK (CL-MK). For non CL-MK, trauma of the cornea is important [11, 13, 14] . In CL-MK the most common causative microbe is Pseudomonas aeruginosa (P. aeruginosa) [8, 15] , whereas for non CL-MK staphylococci are commonly isolated [14, 16] . P. aeruginosa infection is promoted by its ability to produce proteases, to either invade or kill corneal cells, and the excessive activation of host defense systems [17] [18] [19] [20] . Lipopolysaccharide (LPS) can aid the microorganism in adhering to the cornea or contact lenses [21] [22] [23] .
Toll-like receptors (TLRs) recognise LPS of P. aeruginosa and activate the innate immune system to produce inflammatory mediators [24] . The continued presence of these inflammatory mediators, such as interleukins, chemokines, and proteases, in cases of MK leads to corneal tissue destruction and vision loss. Application of broad spectrum antibiotics regularly, such as monotherapy with a fluoroquinolone or dual therapy with aminoglycoside/cephalosporin combination, is the safest management strategy [25] .
Contact lens-induced peripheral ulcer
Contact lens-induced peripheral ulcer (CLPU; Figure 1B ) is defined as an inflammatory condition of the cornea characterised in its active stage by focal excavation of the epithelium, infiltration, and necrosis of the anterior stroma [26] . There is a single, circular, well-defined, and dense infiltrate up to 2 mm in size with slight to moderately dense diffuse cellular reaction surrounding the focal infiltrate (in the mid-periphery to periphery of the anterior corneal stroma) [3] . A full thickness break in the corneal epithelium overlying the focal infiltrate is seen in 83.7% of cases and occasionally a slight anterior chamber cellular reaction is observed (in 25% of cases). This condition causes severe to moderate pain and discomfort to the wearer or could be asymptomatic.
Gram-positive bacteria such as Staphylococcus aureus (S. aureus)
and Streptococcus pneumonia have been isolated from lenses at the time of an event and it is hypothesised that their release of toxins may provoke the development of CLPU [27] [28] [29] . Wu et al. reported that CLPU-like lesions can be produced in the rabbit eye in the presence of an epithelial defect and contact lenses contaminated with S. aureus [30] . Histological examination of biopsies taken from the affected site of CLPUs revealed an intact Bowman's layer with overlying epithelial disruption and an inflamed stroma with dense infiltration of PMNs [26, 31] . The incidence of CLPU in disposable EW modality ranges from 1.6 to 2.9% in Australia and 13% per year in India [32] . Sweeney et al. reported that about 21% of events were resolved within 7 days and the remaining events were completely resolved in 2 to 3 weeks' time leaving a dense circular scar corresponding to the area of focal infiltrate [3] . Treatment involves temporary discontinuation of lens wear with frequent follow up visits and can involve prophylactic antibiotic therapy. Unpreserved unit dose saline, cold compresses, and analgesics have been used as an alternate treatment to decrease patient symptoms. CLPUs have not been associated with vision loss. However, as it may be difficult to differentiate early MK from CLPU, it is advisable to also treat with antibiotics [1] .
Contact lens-induced acute red eye
Contact lens-induced acute red eye (CLARE; Figure 1C ) is an inflammatory condition of the cornea and the conjunctiva following the use of extended wear contact lenses. CLARE has been reported to present with diffuse congestion of the bulbar and limbal conjunctiva, small multiple focal and diffuse infiltrates in the mid-periphery to periphery of cornea with or without punctate staining overlying the infiltrate [3, 33] . Sweeney et al. reported that the redness and infiltration resolved within 3 to 14 days of ceasing CL wear [3] .
CLARE is produced when Gram-negative bacteria, including Pseudomonas sp. [34] colonise the lens probably then releasing toxins and other products which, when combined with the pro-inflammatory state of the closed eye during the contact lens wear, lead to signs and symptoms of CLARE [35] [36] [37] . The incidence of CLARE has been reported to be 12% and 1.4% in India and Australia respectively [32] . Twenty nine percent of subjects have been reported to have recurrent CLARE [38] . CLARE is a self-limiting condition and can be managed with temporary discontinuation of lens wear and lubricating eye drops with close follow-ups [3] . Topical corticosteroids can be prescribed if there is no improvement in the condition and symptoms persists [39] .
Infiltrative keratitis
Infiltrative keratitis (IK) is a relatively mild inflammatory reaction of the cornea characterised by anterior stromal infiltration, with or without epithelial involvement, in the mid-periphery to periphery of the cornea [3] . Infiltrates in this condition can be small and multiple, with or without accompanying mild to moderate diffuse infiltration [3, 40] . In the majority of these events, the corneal epithelium is not involved or has only punctate fluorescein staining. Foreign bodies trapped beneath the lens, tightly fitting soft contact lenses, or bacterial toxins are thought to be the causative factors for this condition. In many cases, exotoxins of Staphylococcus sp. or Streptococcus sp. are hypothesised to contribute to the disease [34] . IK can be managed by discontinuing the lens wear temporarily for 1 or 2 weeks. Unit dose saline is prescribed to alleviate symptoms [2, 41] .
Risk Factors for Microbial Keratitis and Corneal Inflammatory Events Associated with Contact Lens Wear
Risk factors of contact lens-associated microbial keratitis
Risk factors of CL-MK are overnight use [42] , younger age [43] , male gender [7] , infrequent lens disinfection [42] , living in a warm climate [44] and non-compliance with lens hygiene practices [10] . Several reports have been published to study the variables associated with severity of contact lens-associated microbial keratitis and to differentiate sterile ulcers from infectious events by scoring clinical parameters such as vision loss, and infiltrate location [1, 45, 46] . In addition, variables such as anterior chamber (AC) reaction [1] , time taken to presentation at an appropriate clinic [43] , and hospital admission [8, 47] play an important role in defining the severity of these cases. Risk factors associated with CL-MK are listed in Table 1 [48-52].
Most of these risk factors have been identified from studies investigating the efficacy of either contact lenses or lens care products from prospective clinical trials. The most common risk factor was wearing lenses on EW schedule compared to wearing lenses on a daily wear schedule. Vision loss was reported to be approximately 14% of wearers in CL-MK cases [53] . Greater than two lines vision loss was reported in patients using soft hydrogel and SiHy contact lenses on DW (17% & 10%) and EW (27% & 20%) respectively [45] . In a series of cases studying wear of SiHy lenses in Australia, none of the participants lost 2 or more lines of best corrected VA [53], whereas a study from Sweden has reported that 3 out of twenty-six cases using low-Dk conventional hydrogel contact lenses worn on an EW basis lost 2 or more lines of VA [54] . Similarly, Cheng et al. have reported that 12 out of 92 people wearing DW rigid gas permeable, soft hydrogel lenses or EW hydrogel lenses lost 2 or more lines of VA [8] . Edwards et al. found that delay in seeking treatment was the only independent risk factor for vision loss and reported that those cases had 4.5 times higher risk of losing 2 or more lines of VA [43] .
Risk factors of contact lens-induced sterile keratitis
The incidence of sterile keratitis has ranged from 2.0 to 6.6% in randomised control trials [55-57], and 5.7 to 44.4% in non-
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Wearing lenses for more number of days per week (< 2 compared to [3] [4] [5] 3.46 [48] Extended wear compared to daily wear 5. randomised clinical trials [32, 58] per 100 wearers per year. The difference in the incidence rates between the studies have been attributed to environmental conditions, and higher habitual levels of bacterial colonisation of contact lenses [59] . However, these reports may underestimate the total incidence because of the self-limiting nature of these conditions. Associated risk factors vary between microbial and sterile keratitis. Risk factors associated with sterile keratitis are listed in Table 2 [60, 61] . For sterile keratitis, the risk of infiltrates appears to be higher during the adaptation period and in those wearing lenses for shorter duration [62] . In an interventional study reported by Ozkan et al. participants working in "non-ideal" environments such as exposure to wind, dust, fumes and water splashes had a higher incidence of inflammatory events compared to the subjects working in more "ideal" environments such as office workers [61] . High levels of contact lens microbial contamination or corneal vascularisation increased the risk of having an inflammatory event by 2.78 and 12.33 times compared to participants with a mean cfu/lens of 1.45 log contamination and no corneal vascularisation respectively [61] .
Host molecular factors involved in keratitis
Most studies using animal models have failed to generate infections in the cornea without first damaging the corneal surface (usually through scratching with a needle). For example, studies using guinea pigs have not been able to produce corneal infections while wearing contact lenses contaminated with P. aeruginosa [63] even with high levels of a known infective strain of P. aeruginosa adherent to the lenses before wear (1-5 x 10 6 cells per lens). Infections could only be initiated after producing an epithelial defect. However, Zhang et al. and Tam et al. have shown that it is possible to produce infections during lens wear in rat eyes without prior corneal damage [64, 65] . However, Zhang et al. had to use high numbers of bacteria applied regularly to the lens wearing eye over many days [64] . These conditions might not mimic those found with humans, as CL-MK can occur even after only one day of lens wear. Both models used rats, which blink much less frequently than humans (unpublished observations) and so may not be entirely comparable to the human situation.
Toll-like receptors:
During the process of bacterial adhesion to corneal cells, or as a result of bacterial interactions with defence proteins in tears and release of bacterial products, corneal cells respond to the presence of bacteria. There are various recognition systems that the host can employ to signal microbial challenge, and one such system is collectively known as pattern recognition receptors (PRRs) that recognise pathogen-associated molecular patterns (PAMPs) or damage-associated molecular patterns (DAMPs) [66] . Tolllike receptors (TLRs) are class I integral membrane glycoproteins, that recognise PAMPs that are expressed on infectious agents, and mediate the production of cytokines necessary for the development of effective immunity [67] .
In humans there are several TLRs, but the most important in terms of bacterial keratitis (or sterile keratitis as the result of microbial colonisation of contact lenses without frank infection) are probably TLR2, TLR4, TLR5 and TLR9. Each of these recognises a specific PAMP [68] . Once the TLRs have bound to their respective ligands a series of intracellular signals occurs that leads to the up-regulation of expression of a range of inflammatory and defence mediators such as defensins and cytokines. There are contradicting statements in the literature about surface localisation of these receptors on the corneal epithelium [69] [70] [71] and their response to bacterial ligands [72] [73] [74] . Takeuchi et al. showed that S. aureus peptidoglycan-induced cytokine production was dependent on TLR2 [75] . Synthetic lipopeptide, Pam3Cys, a known TLR2 agonist has been reported to stimulate the NF-kB pathway and to activate pro-inflammatory cytokine response and human beta defensins-2 gene up-regulation in vitro, in human corneal epithelial cells (HCECs) [71, 76] .
LPS activates pro-inflammatory cytokine production through stimulation of TLR4. Poltorak, Arbour and other colleagues have reported that TLR4 is an essential component of the LPS receptor complex [77] [78] [79] . Poltorak et al. reported that resistance of C3H/ HeJ or C57B1/10ScCr mice to LPS was due to mutation in the TLR4 gene [79] . In the LPS-nonresponsive mouse strain, C3H/HeJ, a point mutation in the TIR (Toll-IL-1 receptor) domain of TLR4 is responsible for a defect in LPS signal transduction. Another mouse strain, B10.ScCR that does not respond to LPS lacks the entire TLR4 gene.
There is likely to be a highly controlled interplay between TLR stimulation of the pro-inflammatory response during acute infection, and TLR stimulation of defence responses that may operate to protect the cornea from inflammation. Single Ig IL-1R-related molecule (SIGIRR) is a regulator of the TLR response that sequesters important adaptor molecules such as MyD88 from interaction with TLRs and it inhibits TLR4 signalling [80] . SIGIRR reduces the production of TLR4, and the cytokines IL-18, IFNγ, IL-1β and MIP-2 [80] . Another transmembrane protein ST2 also sequesters adaptor molecules such as MyD88. ST2 is the receptor for IL-33. ST2 alters the pattern of cytokine responses in mouse corneas during infection with P. aeruginosa, up-regulating IL-10, IL-4, and IL-5, down-regulating IL-1β, MIP-2, IL-6 and IFNγ, resulting in decreases in bacterial and neutrophil numbers during infection [80, 81] . TLR5 detects Gram negative bacterial flagellin from both Gram-positive and Gram-negative bacteria [82] and elicits an epithelial response by activating the NF-kB pathway and releasing inflammatory cytokines such as IL-6 and IL-8 in intestinal and corneal epithelial cells [83, 84] . TLR9 recognises CpG (cytosine and guanine separated by only one phosphate) sequence in DNA to mount an immune response [85] . CpG DNA stimulates B cells, macrophages and dendritic cells to secrete cytokines such as IL12 [86] . TLR9 gene knockout mice have been shown to be completely defective in their response to CpG DNA, including lacking cytokine production [69] . This indicates that TLR9 plays an essential role in the cellular response to CpG DNA.
Cytokines and chemokines:
After TLRs are activated, they stimulate the production of various mediators of the host defence and inflammation response. These include various cytokines and chemokines as outlined above. Cytokines are small proteins produced by most cell types and are used to signal effects, such as invasion/infection, and to stimulate the receiving cell to produce a set of responses including production of more cytokines and defense molecules, and the overall inflammation response. Chemokines direct the recruitment of white blood cells to the sites of infection and inflammation. Several inflammatory mediators, particularly cytokines such as IL-6 and the neutrophil chemotactic factor IL-8 are altered during contact lens wear [35] . Contact lens wear also reduces the numbers of neutrophils that can enter into the tear film during sleep [87] . This, along with increases in the numbers of microbes on the eye during sleep [87] , potentially contributes to the increased risk of CL-MK seen during extended wear of lenses.
Both susceptible B6 and resistant BALB/c mice have elevated levels of IL-1 after P. aeruginosa infection. However, the prolonged elevated levels of IL-1 in B6 mice results in PMNs infiltration and corneal perforation but the controlled IL-1 production of Balb/c mice results in more limited infiltration of PMNs but with bacterial clearance [88] . IL-1β is a major pro-inflammatory cytokine produced during microbial keratitis in animals [88] [89] [90] [91] . IL-6 may be involved in downregulating corneal inflammation and the resolution of disease [92] . IL-6 gene knockout mice showed more severe P. aeruginosa keratitis [93] and if IL-6 is given to mice by injection during P. aeruginosa infection in the eye, the animals show better disease progression [94] . Similar results were reported with S. aureus in IL-6 gene knockout mice [95] . IL-10 is predominantly produced by a subset of infiltrating white blood cells during P. aeruginosa keratitis and as such mediates its effects later in the infection. IL-10 may be involved in preventing excessive angiogenesis during MK, thereby controlling vision loss during infection [93] .
There have been a few studies examining the tears of people with sterile keratitis such as CLARE and CLPU [96, 97] and the murine corneal response to mild keratitis caused by strains of P. aeruginosa isolated from CLARE and unable to infect the cornea [98] . These have shown that in humans CLARE responses are associated with production of IL-8, GM-CSF and the lipid inflammatory mediator LTB 4 , whereas tears collected from subjects with CLPU had increased levels of LTB 4 but not IL-8 or GM-CSF [96, 97] . In the murine model, the P. aeruginosa strain from CLARE could stimulate the production of IL-1β and IL-6, but to a lower level than the strains of P. aeruginosa that were able to cause frank infection of the cornea [98] .
Defensins and other cationic peptides:
A number of cationic antimicrobial peptides (AMPs) have been identified in human corneal and conjunctival epithelial cells such as human β-defensin (DEFB) -1, -3 and cathelicidin (LL-37). Huang et al. have reported that LL-37 knock-out mice showed increased susceptibility to infection with P. aeruginosa and also exhibited differential expression of protein levels of IL-1β and IL-6 [99] . Redfern et al. showed that activation of TLRs by their respective agonists resulted in the production of antimicrobial peptides, in particular of LL-37 which in turn may work in combination with other antimicrobial proteins in tears (such as lysozyme) to kill invading pathogens [100] . Kumar et al. have noted that pre-exposure to TLR5 ligand, impaired activation of the signalling pathway and reduced the production of IL-8 and TNF-α in C57BL/6 mice and markedly reduced the P. aeruginosa infection by up regulating the hBD2 and LL-37 [101] . In addition to their antimicrobial effects, defensins have been shown to modulate a variety of cellular activities including stimulation of cytokine production [102] , and stimulation of histamine release from mast cells [103] . Huang et al. reported that LL-37 can induce human corneal epithelial cell (HCEC) migration and secretion of IL-8, IL-6, and IL-1β and TNF-α [104] . There have been no studies examining the defensin response to mice corneas challenged with as strain of P. aeruginosa isolated from a CLARE response or any other sterile keratitis.
Single Nucleotide Polymorphisms (SNPs)
As outlined above, many studies in mice have demonstrated that certain TLRs, cytokines and chemokines, as well as defense proteins are critical to the outcome of keratitis caused by bacteria. As replicating these studies in humans are impossible, people have examined whether changes to the genes of these molecules might be related to disease. There are number of studies investigating the association between genetic variants and disease states. Diseases such as cancer, heart disease, diabetes and diseases associated with mucosal tissues such as periodontitis and airway infection are influenced by genetic variants in many genes [105] [106] [107] [108] [109] [110] [111] . Single nucleotide polymorphisms (SNPs) are most commonly single base differences in DNA among individuals. Each individual's genetic material contains a unique SNP pattern that is made up of many different variations. A SNP is considered monomorphic if a single form or allele is identified in the population of interest or polymorphic if more than one form or allele is identified in the population of interest. SNPs may not be directly responsible for a disease state, instead, they can be used to identify genes encoding key cell signalling or inflammatory mediators that cause differences in gene function or regulation that then directly contribute to disease processes [112] [113] [114] .
The most obvious polymorphisms are missense or nonsynonymous polymorphisms in which the allele differences code for a different amino acid in a protein. This can result in a non-functional protein being translated that is responsible for causing diseases such as Alzheimer's [115] . However, not all missense mutations lead to functional protein change. For example, an amino acid which is replaced by different amino acid of similar chemical properties may still allow the protein to function normally. In synonymous polymorphisms, mutation alters the deoxyribonucleic acid (DNA) sequence but doesn't alter the amino acid translation. For example, codons TTA and TTG encode for the amino acid leucine. The base in position 3 of a TTA codon is replaced by G, leaving the codon as TTG. The amino acid at this position in the protein will remain as leucine. SNPs at splice sites result in variant proteins that differ in the axons they contain, and SNPs at promoter regions are reported to affect the regulation and expression of protein [111, 116] .
When SNPs are associated with other SNPs because of linkage disequilibrium, they may all be associated with a disease or phenotype, even though only one or a few may directly affect the phenotype [117] . Analysis of the association of human disease with SNPs shows evidence of particular genes/proteins with diseases. SNPs in cytokine genes can result in imbalances in the cytokine milieu by affecting transcriptional activity, protein production, receptor binding, or functional activity. SNPs in coding regions of the gene can interfere with protein transcription and translation by altering amino acid sequences and subsequent protein structure which can result in a non-functional protein. SNPs in the promoter or regulatory regions of gene may alter transcriptional activity.
SNPs and Toll-like receptors (TLRs) 2, 4, 5, and 9
One of the known TLR2 non-synonymous SNPs, rs5743708, has been reported to be associated with an increased susceptibility to Gram positive bacterial infection [118, 119] . One known TLR4 missense mutation, rs4986790, alters the extracellular domain of TLR4, attenuates the TLR4 signalling pathway, diminishes the inflammatory response to Gram-negative pathogens, and is associated with a diminished airway response to inhaled LPS in healthy volunteers [120] . Several other studies have reported the prevalence of mutations in TLR4 that can alter human pathophysiology [121, 122] . Ferwerda et al. reported that a TLR4 haplotype that alters the cytokine response to LPS contains the single TLR4, rs4986790 mutation and individuals with the haplotype exhibited a strong pro-inflammatory TNF-α cytokine response after stimulation with LPS [123] .
A missense SNP of TLR5, rs5744174, resulted in reduced flagellin responsiveness and is associated with improved health in cystic fibrosis adults (a disease that is linked to P. aeruginosa colonisation of the lungs) [124] . A non-synonymous polymorphism of TLR5, rs5744168, which encodes a variant that abolishes flagellin-induced signalling, was associated with altered urinary tract infection (UTI) disease intensity and susceptibility [125] . A known TLR-9 SNP, rs5743836, is located within the putative promoter region and may influence transcriptional regulation of the TLR-9 gene [126] . This SNP has been reported to be associated with increased risk of asthma [127] .
To date the only study investigating the relation of SNPs in TLRs has examined whether a single SNP in the TLR4 gene (rs4986790) was associated with susceptibility to MK or severity of the disease; no association was found [128] . However, this is only one of many possible SNPs in this gene and there are many SNPS in other TLR genes that could be investigated in future studies [129] .
SNPs and the interleukins (IL)-1β, IL6, IL8, IL10, and IL12B
Activation of TLRs by their respective ligands leads to the production of inflammatory cytokines in vivo and in vitro [118, [130] [131] [132] . A large number of SNPs within the coding and non-coding region of cytokine genes have been identified by various authors and shown to alter the expression of the cytokines and have pathological consequences. These SNPs may lead to increased risk of infections and altered outcome of disorders [120, 133, 134] .
There are many SNPs in the various cytokine and chemokine genes that could be investigated for association with MK. At present the only genes that have been investigated for SNP associations with MK are IL1, IL6, IL10, and IL12. No association between the SNP rs1143627 in the IL1β gene and MK was found in the study of Carnt et al. [135] . The IL6 SNP rs1800795 has been reported to lower plasma IL-6 levels, increase the risk of developing bladder cancer, and is significantly associated with an increased risk of severe sepsis, and severity of posttraumatic systemic inflammatory response syndrome (SIRS) [136] [137] [138] . Carnet et al. found that carriers of IL-6 SNPs were more likely to experience moderate and severe events compared with those with non-mutated genotypes (rs1800795 odds ratio [OR] 6.4. rs1800795/rs1800797: OR, 4.1) [135] .
The IL10 SNP, rs6703630 allele A that has been associated with a low IL-10 production was more common in patients with corneal ulcers than controls [134] . The IL10 SNP, rs6693899 allele C, which has been associated high levels of IL-10, was associated with better clinical outcome of contact lens wearers with corneal ulcers [134] . In contrast, allele A of the same promoter SNP was associated with poor clinical outcome [134] .
Finally, the IL12B SNP, rs3212227 3'UTR polymorphism has been associated with several diseases related to immune responses, and with variation in the production of IL-12 [139] . This SNP was associated with an increased risk of sterile keratitis (OR, 9.7) compared with controls [135] .
Defensins
The rs5743399 and rs5743409 SNPs and the CT haplotype of these SNPs of the DEFB1 gene are associated with the susceptibility to atopic dermatitis (AD). Furthermore, the rs5743399 polymorphism and the CT haplotype in this gene showed a strong association with the allergic, extrinsic type of atopic dermatitis. The GG genotype of DEFB1 rs1800972 SNP is protective, and much less frequent (4%) among Crohn's disease patients than controls [140] . The study by Carnt et al. found that carriers of SNPs of DEFB1 rs1799946 or rs11362 showed a trend toward increased susceptibility to keratitis (rs1799946 odds ratio [OR] 1.45; rs11362 OR 1.37) [128] . A DEFB1 promoter haplotype (G-G-A) had a tendency toward decreased susceptibility of MK (OR, 0.68) and reduced severity (OR, 0.56) [128] . At this time there are no other studies examining the association of defensin SNPS with MK.
Conclusion
Single nucleotide polymorphisms of genes encoding key cell signalling or inflammatory mediators may predispose individuals to have adverse events during CL wear and/or to have increased inflammation during adverse events related to CL wear. A small number of SNPs have been associated with increased susceptibility to MK and other adverse events with contact lens wear, yet others may be protective. Future studies should screen other SNPs of genes involved in ocular inflammation (such as IL-8, and the TLRs) that might influence keratitis susceptibility or severity and also study the functional analysis of these genes and production of their proteins to confirm these SNP associations. Together, this information might help in identifying patients at risk of developing keratitis with contact lens wear, and in the development of novel prophylactic and/or therapeutic strategies. 
